The objective of this study was to investigate the effects of Gelidium amansii, an edible red agar cultivated off the northeast coast of Taiwan, on the growth of two lines of cancer cells, murine hepatoma (Hepa-1) and human leukemia (HL-60) cells, as well as a normal cell line, murine embryo fibroblast cells (NIH-3T3). The potential role of G. amansii on the induction of apoptosis was also examined. The results indicated that all extracts from G. amansii, including phosphate-buffered saline (PBS) and methanol extracts from dried algae as well as the dimethyl sulfoxide (DMSO) extract from freeze-dried G. amansii agar, inhibited the growth of Hepa-1 and NIH-3T3 cells, but not the growth of HL-60 cells. Annexin V-positive cells were observed in methanol and DMSO extract-treated, but not PBS extract-treated Hepa-1 and NIH-3T3 cells, suggesting that the lipid-soluble extracts of G. amansii induced apoptosis. In summary, extracts of G. amansii from various preparations exhibited antiproliferative effects on Hepa-1 and NIH-3T3 cells, and apoptosis may play a role in the methanol and DMSO extractinduced inhibitory effects. However, the antiproliferative effects of PBS extracts was not through apoptosis. Moreover, the growth-inhibitory effects of G. amansii were not specific to cancer cells.
There is growing interest in cancer-preventive agents of dietary origin. It has been reported that marine seaweeds contain a variety of biologically active compounds. [1] [2] [3] As residents of an island country, people in Taiwan commonly consume different types of marine seaweed. Several studies have shown that different species of edible seaweed possess anticarcinogenic and cytotoxic activities in both animals and cultured cancer cells. [4] [5] [6] [7] [8] Among these, the antitumor activity of Gelidium amansii has been examined. 8) G. amansii is an edible red alga widely distributed in northeastern Taiwan, and its agar product, prepared by boiling, filtering, cooling, and sweetening, is a popular dessert in summer. Traditionally, people believe that the consumption of G. amansii agar may have several therapeutic effects, including lowering blood pressure, lowering blood lipid and blood glucose levels, and preventing cancers and cardiovascular diseases. However, the scientific evidence for these effects is limited.
In the present study, the potential role of G. amansii in the carcinogenic process was studied. Extracts of G. amansii from different preparations were examined for their antiproliferative activity against both cancerous and normal cell lines. In addition, annexin V staining assay, an index of apoptosis, was also utilized to investigate the mechanism of antiproliferative activity.
MATERIALS AND METHODS

Chemicals and Biochemicals
Dulbecco's modified Eagle's medium (DMEM), RPMI-1640 medium, fetal bovine serum, trypsin, trypan blue, and sodium bicarbonate were purchased from GIBCO BRL (Grand Island, NY, U.S.A.). Methanol and dimethyl sulfoxide (DMSO) were obtained from Sigma Chemical (St. Louis, MO, U.S.A.). All other laboratory chemicals were of the highest quality available and were purchased from Sigma Chemical and USB (Cleveland, OH, U.S.A.).
Preparation of G. amansii Extracts Dry G. amansii was purchased from vendors on the northeastern coast of Taiwan. After being minced in a grinder, G. amansii was extracted according to the method described by Harada et al. 8) with minor modifications. In brief, dry powdered G. amansii (1-15 g) was extracted with 40 ml of phosphate-buffered saline (PBS) in a platform shaker for 24 h. After centrifugation and filtration, the supernatant was designated the PBS or water-soluble extract. The remaining pellets were then mixed with methanol 40 ml and extracted for another 24 h, and the supernatant obtained was designated the methanol or lipidsoluble extract.
G. amansii agar extract was also prepared as the normally consumed agar product. One hundred grams of dry G. amansii was boiled with H 2 O 2 l for 2 h. After filtering, cooling, and sonicating, the G. amansii agar was freeze-dried to obtain G. amansii agar powder (4.78 g). The agar powder obtained was dissolved in DMSO prior to use in the experiments. The results in this study are expressed as milligrams of dry crude material/milliliter of medium for extracts of PBS and methanol or as micrograms of freeze-dried agar powder/milliliter of medium for DMSO extracts. The final concentrations of PBS, methanol, and DMSO added to the medium were 2%.
Cell Culture Murine hepatoma cells (Hepa-1c1c7, Hepa-1, CCRC 60104), human leukemia cells (HL-60, CCRC 60027), and normal murine embryo fibroblast cells (NIH-3T3, CCRC 60008) were obtained from the Culture Collection and Research Center in Taiwan. The Hepa-1 and NIH-3T3 cells were grown as monolayers in DMEM supplemented with 10% fetal bovine serum. The HL-60 cells were grown as a suspension in 20% fetal bovine serum-supplemented RPMI-1640 medium. All cell lines were grown at 37°C in a 95% air, 5% CO 2 atmosphere and subcultured routinely.
Cell Growth and Cell Proliferation Assays To evaluate the effects of G. amansii on the growth of cultured cells, cells (10 4 cells/well) were plated in 6-well plates and cultivated in the presence of extracts of G. amansii. Viable cells were estimated by the trypan blue dye-exclusion method, and numbers of cells were counted with a Coulter counter.
The effects of G. amansii extracts on cell proliferation were examined with the CellTiter 96 Aqueous One Solution Cell Proliferation Assay kit (Promega, Madison, WI, U.S.A.). Basically, 10 3 cells/well were plated in 96-well plates and treated with G. amansii extracts for 5 d. The rate of proliferation was then determined by converting a tetrazolium compound, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) to a colored formazan product by live cells as detected by a microplate reader at OD 492 nm .
Annexin V Staining Assay In the beginning of apoptosis, phosphatidylserine (PS) inside the cell membrane is inverted to the outside. Therefore binding of PS to annexin V (green) and DNA to propidium iodide (red) can be used for the detection of apoptosis and its stages. Annexin V staining was carried out with TACS Annexin V-FITC Apoptosis Detection kits (R&D, Minneapolis, MN, U.S.A.) following the manufacturer's instructions. In brief, annexin V incubation reagent consisting of propidium iodide and annexin V was added to the samples for 15 min in the dark. Cells were then treated with fluorescence-compatible mounting medium and photographed under a fluorescent microscope.
Statistical Analysis Data are expressed as the meanϮ S.D. One-way analysis of variance (ANOVA) followed by the least-square means test was used to determine the statistical differences among groups using SAS software version 6.12 (SAS Institute, Cary, NC, U.S.A.). The significance of mean differences was based on a p value of Ͻ0.05.
RESULTS
To examine the effects of G. amansii on the growth of cells, cells were treated with various concentrations of G. amansii extracts, and numbers of cells were determined. Figure 1 shows that the growth of Hepa-1 and NIH-3T3 cells was inhibited after treatment with the PBS extract for 7 d, and a dose-dependent effect was observed in NIH-3T3 cells. On the contrary, the PBS extract had no effect on the growth of HL-60 cells. Moreover, the methanol extract, at concentrations greater than 2.5 mg/ml, inhibited the growth of Hepa-1 and NIH-3T3 cells after 6 or 7 d of treatment, but in contrast enhanced the growth of HL-60 cells at a concentration of 7.5 mg/ml after 7 d of treatment ( Fig. 2) . Similarly, the DMSO extracts of freeze-dried G. amansii agar at certain concentrations, especially at 150 mg/ml (ca. 3.14 mg of dry crude G. amansii/ml), inhibited the growth of Hepa-1 and NIH-3T3 cells after 7 d of treatment. DMSO extracts at high concentration (500 mg/ml) also inhibited the growth of HL-60 cells (Fig. 3 ). However, because DMSO has been shown to inhibit the growth of HL-60 cells at low cell density conditions (4ϫ10 4 /ml), 9) the effects of DMSO extracts of G. amansii on HL-60 cells were thus difficult to evaluate. Nevertheless, the DMSO extracts, at all concentrations applied suppressed the proliferation of Hepa-1 and NIH-3T3 cells (Fig. 4 ). We suspected that because of the larger sample size and the assay sensitivity, more significant results were obtained in the MTS proliferation assays.
Induction of apoptosis as determined by TACS Annexin V-FITC Apoptosis Detection kits was also observed in Hepa-1 cells treated with the methanol extract of G. amansii. As a cell undergoes apoptosis, PS is translocated from the inner to the outer membrane of the cell. Annexin V binds to PS with high affinity, and can be observed with fluorescent microscopy. As shown in Fig. 5 , there was an increase in annexin V-positive (green) Hepa-1 cells after treatment with the methanol extract of G. amansii, indicating that the cells had undergone apoptosis. Similar results were also observed in methanol extract-treated NIH-3T3 cells as well as DMSO extract-treated Hepa-1 cells (data not shown), indicating that the lipid-soluble extracts of G. amansii induced apoptosis. However, these inhibitory effects did not show specificity to cancer cells, but rather exhibited species specificity. On the contrary, the PBS extracts did not induce apoptosis in Hepa-1 and NIH-3T3 cells (data not shown).
DISCUSSION
This study provides evidence that extracts of G. amansii from various preparations significantly inhibited the growth of murine hepatoma (Hepa-1) and normal murine embryo fibroblast (NIH-3T3) cells, but did not inhibit the growth of human leukemia HL-60 cells. Several studies have indicated that dietary seaweeds or their extracts play roles in inhibiting tumors in animals 4, 5, 10) or that they possess cytotoxic activity in cultured cancer cells. [6] [7] [8] Our results are partially consistent with the results obtained by Harada et al. 8) who demonstrated that the methanol extract, but not the PBS extract, of G. amansii showed cytotoxic activity against murine lymphoid leukemia L-1210 cells and NIH-3T3 cells. Concentrations of the extracts applied in the medium might explain the inconsistency, because no concentration was specified in their study. Nevertheless, our results imply that both watersoluble and lipid-soluble components contribute to the antiproliferative effects of G. amansii in cell lines derived from mice. All these results indicate that G. amansii shows cytotoxic activity not only against the cancer cell lines murine Hepa-1 and L-1210, but also against normal murine embryo fibroblast NIH-3T3 cells, suggesting a lack of specificity for cancer cells. This might limit the application of G. amansii for cancer therapy. On the other hand, only NIH-3T3 cells were used as a control normal cell line and they might not be No data on the isolation of bioactive components from G. amansii are available yet, but several substances have been isolated from different species of red algae as being active in the inhibition of the growth of cultured cells. Several oxygenated sterols from the red alga Galaxaura marginata exhibited cytotoxicity toward several cancer cell lines, including human lung adenocarcinoma A-549, human colon adenocarcinoma HT-29, human oral epidermoid carcinoma KB, and mouse lymphoid macrophage P-388 cells. 2) A number of pigments, consisting of chlorophyll a, b-carotene, and lutein, which are antimutagenic substances from the red alga Porphyra tenera and other seaweeds, 1) and b-carotene have been shown to be associated with the antimutagenic acitivity of P. tenera extract. 11) In addition, palmitic acid, sulfolipids, and polysaccharide have also been found to have cytotoxic or antitumor activity in different red algae. [12] [13] [14] Because of the species similarities, these compounds are potential candidates for those producing the cytotoxic activity of G. amansii. However, the roles of minerals, vitamins, and other pigments, such as anthocyanins, cannot be ruled out. In addition, we also demonstrated that extracts from the commonly consumed form of G. amansii agar also have a cytotoxic effect against Hepa-1 and NIH-3T3 cells. Okai et al. 15) also demonstrated that the hot water-soluble extract from a brown agar, Laminaria japonica, exhibited antimutagenic activities. It is possible that the boiling process, as performed in this study, allowed more substances to be released from G. amansii, such as large molecular-weight polysaccharides and other 
nonpolysaccharides.
Apoptosis, or programmed cell death, is a common form of a eukaryotic cell physiologicl suicide program that maintains homeostasis, in which cell death naturally occurs during tissue turnover. 16, 17) Apoptosis in cells is usually accompanied by several cellular changes, including inversion of PS to the outside of the membrane, formation of plasma membrane blebs, reduction in cell volume, chromatin condensation, and DNA fragmentation, but cells retain their membrane and organelle integrity. Although apoptosis plays an important role in the normal development and health of an animal, its aberrant activation and impairment may contribute to a number of diseases. 18) For example, impaired apoptosis may be a significant factor in the etiology of cancer, and it has been suggested that therapeutic agents that increase the regulation of apoptosis may provide a new opportunity for the treatment of cancer. 19, 20) The existence of annexin V-positive cells after treatment with lipid-soluble extracts of G. amansii indicates the possibility of the induction of apoptosis. Lipid-soluble antioxidants, including carotenoids and tocopherols, have been shown to inhibit the growth of various cancer cells by the induction of apoptosis. 21, 22) Yan et al. 23) used the 1,1diphenyl-2-picrylhydrazyl (DPPH) assay to screen the free radical-scavenging activities of 27 seaweeds, and they found that the extracts of G. amansii prepared with organic solvents, such as methanol, acetone, chloroform, and ethyl acetate, showed strong free radical-scavenging activities. Because fucoxanthin, a carotenoid, and a-tocopherol are able to scavenge DPPH radicals, [24] [25] [26] they may contribute to the apoptosis and antiproliferative effects induced by the lipophilic fraction of G. amansii.
Apoptosis, on the other hand, seems not to be involved in the growth-inhibitory effects of PBS-or water soluble-extracts of G. amansii. Although polysaccharides isolated from different fungi, Lycium barbarum, and Ginkgo biloba seed have been shown to induce apoptosis in human hepatoma cells SMMC-7721 and human leukemia HL-60 cells, [27] [28] [29] it is possible that the concentrations of polysaccharides in the PBS extracts of G. amansii were not sufficiently high for the induction of apoptosis. It is also possible that the forms of polysaccharides in the PBS extracts of G. amansii were not able to enter into cells to inhibit cell growth. On the other hand, other mechanisms, such as cell cycle arrest, are involved in the antiproliferative effects of PBS extract, but these possibilities need to be investigated further.
In summary, we have confirmed that PBS and methanol extracts of G. amansii as well as the DMSO extract of G. amansii freeze-dried agar powder exhibit antiproliferative effects against Hepa-1 and NIH-3T3 cells, and induction of apoptosis may play a role in the methanol and DMSO extract-induced inhibitory effects. Moreover, these extracts had no such effects on HL-60 cells. Thus the antiproliferative ef-fects of G. amansii may not show specificity to cancer cells.
